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Thermostable valyl-tRNA, isoleucyl-tRNA and methionyl-tRNA synthetases have been purified from an 
extreme thermophile, Thermus thermophilus HB8. Valyl-tRNA and isoleucyl-tRNA synthetases are found 
to be monomer proteins (Mr 108000 and 129000, respectively), while methionyl-tRNA synthetase is a 
dimer protein (Mr 150000). These enzymes are very similar with respect o amino acid compositions and 
a-helix contents as estimated by circular dichroism analyses. Furthermore, two Zn’+ are tightly bound to 
each of these synthetases. These data suggest hat valyl-tRNA and isoleucyl-tRNA synthetases consist of 
two domains, each corresponding to the subunit of methionyl-tRNA synthetase. 
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1. INTRODUCTION 
Proteins from Thermus thermophilus HB8, an 
extreme thermophile, are known to be ther- 
mostable. In fact, we have found that the polypep- 
tide chain elongation factor Tu (EF-Tu) from this 
extreme thermophile is remarkably more stable 
than EF-Tu from Escherichia coli and have suc- 
cessfully made proton NMR analyses in combina- 
tion with photo-oxidation experiments [ 1,2]. Thus, 
we found that a histidine residue of EF-Tu . GTP is 
involved in the binding site for aminoacyl-tRNA. 
Here, in a series of physicochemical studies on 
the molecular mechanism of protein biosynthesis, 
we have purified valyl-tRNA, isoleucyl-tRNA and 
methionyl-tRNA synthetases from T. ther- 
mophilus HB8. We found that these 3 synthetases 
are very similar, with respect to the amino acid 
compositions, secondary structures and the 
number of tightly bound Zn’+, although the 
* To whom correspondence should be addressed 
subunit structure of methionyl-tRNA synthetase 
(MetRS) is different from those of valyl-tRNA 
synthetase (ValRS) and isoleucyl-tRNA synthetase 
(IleRS). This set of 3 thermostable synthetases 
from the same source will be useful for detailed 
physicochemical analyses (including NMR analy- 
ses) of the strict recognitions of cognate amino 
acid and tRNAs in the aminoacylation reactions. 
reactions. 
2. MATERIALS AND METHODS 
T. thermophilus HBg was cultured at 75’C. 
ValRS, IleRS and MetRS were purified by the 
combination of chromatographic procedures with 
DEAE-cellulose, DEAE-Sephacel, phospho- 
cellulose, Matrex Red A (Amicon) and hydrox- 
yapatite columns (to be reported separately in 
detail). The aminoacylation activity of enzyme 
preparations was assayed at 65°C using unfractio- 
nated tRNA from T. thermophilus HB8. 
A4, values of purified synthetases were obtained 
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by high-pressure liquid chromatography (HPLC) 
gel filtration with a TSK-Gel G3OOOSW column 
(Toyo Soda) equilibrated with 0.2 M potassium 
phosphate buffer at pH 6.8 (nondissociating con- 
dition). Subunit M, values were obtained by elec- 
trophoresis on 5% polyacrylamide gels containing 
0.1% SDS (dissociating condition). 
Amino acid analyses of synthetases were per- 
formed with a Hitachi 835-10 amino acid analyzer. 
The enzyme was hydrolyzed in 6 M HCl at 110°C 
for 24 h. However, for the analysis of cysteine, the 
enzyme was oxidized with performic acid and then 
hydrolyzed in 6 M HCl at 110°C for 18 h. Finally, 
for the analysis of tryptophan, the enzyme was 
hydrolyzed with 3 M mercaptoethanesulfonic acid 
at 110°C for 22 h. Corrections for the yield were 
made for serine (900/‘0), threonine (95%), cysteinic 
acid (90070) and tryptophan (95%). 
From the amino acid compositions obtained, the 
extinction coefficients of synthetases at 280 nm 
were estimated as 2.1,2.3, and 2.0 ml. mg-’ *cm-’ 
for ValRS, IleRS and MetRS, respectively, and 
were used for the determination of enzyme concen- 
trations. The number of Zn2+ tightly bound to the 
enzyme was determined by the measurement of 
atomic absorption at 213.9 nm, with a Seiko SAS 
atomic absorption spectrophotometer. The en- 
zyme (1 mg) was dialyzed at 4°C for 24 h, 3 times 
against 100 ml of 10 mM Tris-HCl buffer (pH 
7.9) containing 1 mM 2-mercaptoethanol and 
10 PM EDTA. The circular dichroism (CD) of syn- 
thetases was measured at 60°C with a JASCO 
J-40s dichrograph. The CD spectra in the region 
195-240 nm were analyzed by the FORTRAN pro- 
gram of [3]. 
3. RESULTS AND DISCUSSION 
Previously, IleRS was partially purified from T. 
thermophilus HB8 and found to be stable at 
temperatures as high as 77°C [4]. Here, we have 
succeeded in the purification to homogeneity of Il- 
eRS as well as ValRS and MetRS from the same ex- 
treme thermophile. 
Using SDS-PAGE, M, values of ValRS, IleRS 
and MetRS in the dissociating condition have been 
determined as 108000, 129000 and 75000, respec- 
tively (table 1). In comparison, M, values of en- 
zymes in the nondissociating condition have been 
approximately obtained as 100000 (ValRS), 
Table 1 
Structural properties of aminoacyl-tRNA synthetases 
from T. thermophilus HB8 
M, Zinc 
content 
a-helix 
content 
(070) 
ValRS 108000 + 3000 (a) 2.1 + 0.1 60 
IleRS 129000 + 3000 (cr) 2.1 + 0.1 54 
MetRS 150000 f 4ooo (Lyz) 2.OkO.l 50 
115000 (IleRS) and 175000 (MetRS) by HPLC gel 
filtration. Therefore, ValRS and IleRS are found 
to be monomer proteins (cr) while MetRS is a dimer 
protein (cQ). M, values and subunit structures of 
these 3 synthetases (table 1) are similar to those of 
corresponding synthetases from E. coli [5]. 
The amino acid compositions (mole fractions) of 
ValRS, IleRS and MetRS from T. thermophilus 
HB8 are shown in table 2. For each of the 3 syn- 
thetases, the differences in amino acid composi- 
tions between the T. thermophilus and E. coli en- 
zymes are also shown in table 2. As a common 
tendency for the 3 synthetases, the mole fractions 
of Leu and Arg residues are higher and that of Asx 
lower in T. thermophilus as compared with E. coli 
enzymes. Such tendencies of amino acid composi- 
tions of synthetases have also been found for most 
of the other proteins from thermophiles [9] and are 
possibly related to the thermostability of ther- 
mophilic proteins. 
The 3 synthetases, ValRS, IleRS and MetRS 
from T. thermophilus, are remarkably similar, 
with respect to the mole fractions (070) of amino 
acid residues (table 2). For any pair of 3 syn- 
thetases, the root-mean-squared ifference in mole 
fractions of amino acid residues is less than 0.8% 
(slightly more than 0.3%, the error of amino acid 
analysis [lo]). The m-helix contents of the 3 syn- 
thetases estimated by analyses of CD spectra are 
often as high as 50-60% (table 1). 
The numbers of Zn2+ tightly bound to ValRS, 
IleRS and MetRS from T. thermophilus HB8 are 
shown in table 1. These 3 synthetases are found 
here to bear two Zn2+. The binding of two Zn2+ 
has been reported for MetRS from E. co/i [I 11. 
However, this is the first report on the exact 
number of Zn2+ tightly bound to ValRS and IleRS, 
21 
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Table 2 
Amino acid compositions and mol fractions (To) of ValRS, IleRS and MetRS from T. thermophifus HB8 
Amino acid ValRS IleRS MetRS 
Asx 63” 6.6% 
Thr 41 4.3 
Ser 37 3.9 
Clx 121 12.7 
Pro 57 6.0 
CIY 66 6.9 
Ala 103 10.8 
CYs 11 1.2 
Val 59 6.2 
Met 21 2.2 
Be 28 2.9 
Leu 112 11.7 
TYr 28 2.9 
Phe 34 3.6 
LYS 52 5.4 
His 19 2.0 
Trp 24 2.5 
Ar8 79 8.3 
t 
L 
1 
11 
tt 
f 
tt 
77a 6.7% 
50 4.4 
40 3.5 
141 12.4 
75 6.6 
81 7.1 
115 10.1 
11 1.0 
76 6.7 
14 1.2 
34 3.0 
136 11.9 
53 4.6 
47 4.1 
66 5.8 
23 2.0 
19 1.7 
83 7.3 
11 
1 
tt 
t 
1 
11 
tt 
t 
tt 
86” 6.5% I-1 
50 3.8 
30 2.2 11 
162 12.3 
84 6.3 
102 7.1 
134 10.2 T 
8 0.5 1 
98 7.3 t 
24 1.8 L 
50 3.8 
152 11.5 tt 
66 5.0 t 
46 3.5 1 
78 6.0 
28 2.1 
22 1.7 
102 7.8 tt 
a mol amino acid residueslmol enzyme 
The differences in mole fractions between the T. ~hermo~hif~s and E. coIi enzymes 16-81 are shown as tt (>201o), t 
(l-2%), 1 (-(l-2)070), 11 (< -2%) 
which is due to the extraordinary stability of the 
synthetases from T. thermo~hilu~ HBS. 
The inhibition of aminoacylation activity by the 
binding of 1, lo-phenanthroline has been reported 
for MetRS from E. coli [ 111. Here, such an inhibi- 
tion experiment has been made of T. thermophilus 
ValRS, and one molecule of this inhibitor has been 
found to bind to the active center with the binding 
constant of K, = 0.5 mM_‘. We also found that 
ValRS, IleRS and MetRS from T. thermophilus 
are very similar with respect to amino acid com- 
position and cr-hehx content. Therefore, the tight 
binding of two Zn*+ to ValRS and IleRS suggests 
that these synthetases are composed of two struc- 
tural domains, each bearing one active center for 
the aminoacylation reaction. This model is consis- 
tent with the results of enzyme kinetics and 
substrate binding studies on ValRS 16,121 and 
IleRS f13-151. The two structural domains of 
ValRS and IleRS probably correspond to the 
subunits of MetRS. 
It has been proposed, from several criteria, that 
ValRS, LeuRS, IleRS and MetRS form a family 
among the 20 synthetases [16]. Nevertheless, each 
of these synthetases trictly recognizes the cognate 
amino acid and tRNAs. In order to gain insight in- 
to the molecular mechanism of such strict recogni- 
tion in the aminoacylation reactions, we are now 
isolating domains of T. therm~~hiius synthetases 
by limited proteolysis. Thermostable fragments of 
synthetases from an extreme thermophile wili be 
useful for detailed NMR analyses in combination 
with enzymological studies. 
ACKNOWLEDGEMENTS 
The authors are gratefu1 to Professor T. Oshima 
of Tokyo Institute of Technology for T. ther- 
mophilus HB8 strain and to Dr K. Fujiwara of 
University of Tokyo for the measurements of 
atomic absorption. This work was supported in 
part by a Grant-in-Aid for Scientific Research 
from the Ministry of Education, Science and 
Culture of Japan. 
22 
Volume 174, number 1 FEBS LETTERS August 1984 
REFERENCES PI 
HI 
PI 
(31 
[41 
PI 
161 
171 
Nakano, A., Miyazawa, T., Nakamura, S. and 
Kaziro, Y. (1979) Arch. Biochem. Biophys. 196, 
233-238. 
Nakano, A., Miyazawa, T., Nakamura, S. and 
Kaziro, Y. (1980) Biochemistry 19, 2209-2215. 
Provencher, S.W. and Glockner, J. (1981) 
Biochemistry 20, 33-37. 
Wakagi, T., Ohta, T. and Imahori, K. (1975) 
Agric. Biol. Chem. 39, 1573-1580. 
Joachimiak, A. and Barciszewski, J. (1980) FEBS 
Lett. 119, 201-211. 
Mulvey, R.S. and Fersht, A.R. (1977) Biochemistry 
16, 4004-4013. 
Durekovic, A., Flossdorf, J. and Kula, M.-R. 
(1973) Eur. J. Biochem. 36, 528-533. 
191 
WI 
[Ill 
WI 
1131 
1141 
1151 
[161 
Cassio, D. and Wailer, J.-P. (1971) Eur. J. Bio- 
them. 20, 283-300. 
Singleton, R. jr and Amelunxen, R.E. (1973) 
Bacterial. Rev. 37, 320-342. 
Cornish-Bowden, A. (1979) J. Theor. Biol. 76, 
369-386. 
Posorske, L., Cohn, M., Yanagisawa, N. and 
Auld, D.S. (1979) Biochim. Biophys. Acta 576, 
128-133. 
Kern, D., Giege, R. and Ebel, J.-P. (1981) 
Biochemistry 20, 5156-5169. 
Fayat, G., Fromant, M. and Blanquet, S. (1978) 
Proc. Natl. Acad. Sci. USA 75, 2088-2092. 
Von der Haar, F. and Cramer, F. (1978) 
Biochemistry 17, 3139-3145. 
Freist, W., Sternbach, H. and Cramer, F. (1982) 
Eur. J. Biochem. 128, 315-329. 
Wetzel, R. (1978) Origins of Life 9, 39-50. 
23 
